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Introduction 
Water table management through the use of artificial subsurface drainage systems is of primary 
importance in humid areas with poorly or somewhat poorly drained soils to maximize 
agricultural productivity Excess precipitation in Iowa and many other Mississippi/Ohio River 
watershed agricultural production states is removed artificially via subsurface drainage systems 
that intercept and usually divert it to surface waters. Subsurface drainage systems have been 
installed to allow timely seedbed preparation, planting and harvesting and to protect crops 
from extended periods of flooded soil conditions. The tradeoff of improved subsurface drainage 
is a significant increase in the losses of nitrate-nitrogen (Gilliam, et al. ,1999). Nitrogen, either 
applied as fertilizer, or manure or derived from soil organic matter, can be carried as nitrate with 
the excess water in quantities that can cause deleterious effects downstream. The movement 
of nitrogen from agricultural fields via drainage waters is a major factor in nonpoint source 
pollution of surface waters and ultimately the Gulf of Mexico where it has been implicated as 
a cause of the Hypoxic Zone (Mitsch et al. , 2001; Rabalais, et al. , 1996). As a result there is a 
need to investigate methods that can be used to minimize the loss of nitrates via subsurface 
drainage. One method to do this is to design the drainage system to drain the minimum amount 
of water required to maximize crop production or net production benefits. Skaggs et al. (2003) 
have demonstrated that as drains are spaced closer together the volume of subsurface drainage 
increases and subsequently the nitrate loss increases. Also , as the drains are spaced closer 
together the cost per acre for the drainage system increases. However, as drains are spaced 
further apart there can be a decrease in crop production which would have a negative economic 
impact. So, in designing and installing a subsurface drainage system the environmental 
implications and economics of the system should be considered. The purpose of this paper is to 
discuss how economics and the environment can both be considered in drainage design. 
Materials and Methods 
DRAINMOD, a deterministic hydrologic model to simulate a soil-water regime of surface and 
subsurface water management systems (Skaggs, 1978), was used in this study to simulate 
subsurface drainage patterns in Iowa and the potential corn yield response to drainage design. 
DRAINMOD predicts surface runoff, infiltration, evapotranspiration, subsurface drainage, and 
seepage from the subsurface drained landscape. It also predicts relative crop yield (actual yield! 
potential yield) accounting for excess water, drought, and delayed planting crop stress. 
Four difference areas of the state were represented and three soils in each area were used in this 
study (Table 1). A continuous corn crop was used for the simulations, and the drainage design 
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had a drain depth of 4 ft. and range of drain spacing from 8 ft. to 325 ft. The 325 ft . spacing was 
considered a relatively undrained condition. A 40-yr weather record (1965-2004) was used for 
each region of the state. 
Soil parameters for use in DRAINMOD were developed using the bulk density and percent sand, 
silt, and clay reported in the Iowa Soil Properties and Interpretations Database (ISPAID, Version 
7.1, 2004). This information was then used with the program ROSETTA (Schaap et al., 2001) 
to develop the soil hydraulic property inputs for DRAINMOD. Qi et al. (2006) used a similar 
procedure and found it reliable for predicting subsurface drainage volumes with DRAINMOD. 
Table 1. Summary of regions, weather stations, and soils used for DRAIN MOD simulations. 
Region Weather Station Soil series Notation 
North East Nashua CLYDE CLYD_NE 
CLYDE-FLOYD COMPLEX CLFL_NE 
TRIPO LI TRIP _NE 
North Central Humboldt NICOLLET NICO_NC 
CANISTEO CANI_NC 
OKOBOJI OKOB_NC 
Central Ames NICOLLET NICO_C 
CANISTEO CANI_C 
HARPS HARP _C 
South East Fairfield TAINTOR TAIN_SE 
HAIG HAIG_SE 
CLARI NDA CLAR_SE 
Results and Discussion 
The 40-yr average subsurface drainage and surface runoff as a function of drain spacing for the 
north-central Iowa region are shown in Figure 1. As drains are spaced closer together subsurface 
drainage volume increases and surface water runoff decreases. This would result in greater loss 
of nitrate. If the relative yield as a function of drain spacing for this scenario is reviewed it is 
evident that as drains are spaced closer together the relative yield generally increases except for 
when the drains are spaced very close (Figure 2). The decreased relative yields at the very close 
spacing are a result of increased drought stress simulated by DRAINMOD. From the relative 
yield responses it is evident that soils respond differently to drain spacing and the optimum drain 
spacing will vary by soil. 
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Figure 1. Effects of drain spacing on simulated subsurface drainage and surface water runoff for north-central Iowa. 
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Figure 2. Effects of drain spacing on simulated relative yield for north-central Iowa. 
Using the relative yield response for all soils, a range of drain spacing for maximizing crop 
production for the different soils and regions can be identified for the assumptions made as 
part of this study (Table 2). The range was determined by using the approximate spacing at the 
maximum relative yield and then using ±10ft. At the maximum relative yield the yield response 
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curve is generally fairly flat so using a range ±10 ft. results in little change in relative yield. Again 
it is evident that the optimum drain spacing for maximizing crop production varies by soil. 
Frequently, drainage installations may utilize a drain spacing at the lower end of these ranges. 
Table 2. Summary of range of drain spacing to maximize crop production and net annual return. 
Range of drain spacing (ft.) to maximize 
Region Soil series Crop production Net annual return 
North East CLYDE 40-60 60-80 
CLYDE-FLOYD COMPLEX 40-60 65-85 
TRIPOLI 40-60 45-65 
North Central NICOLLET 55-75 115-135 
CANISTEO 40-60 80-100 
OKOBOJI 25-45 70-90 
Central NICOLLET 55-75 115-135 
CANISTEO 45-65 80-100 
HARPS 30-50 55-75 
South East TAINTOR 45-65 45-65 
HAIG 40-60 60-80 
CLARINDA 25-45 45-65 
The potential yield increases attributed to subsurface drainage computed with DRAINMOD can 
be used to estimate the economics of installing a drainage system. Using a breakeven analysis 
the increase in average net farm income required to pay for drainage system can be computed. 
The breakeven increase in net income for the range of drain spacing is shown in Figure 3. The 
assumptions for these values are that the cost for materials and installation of the drainage system 
are $1 per linear foot, tile is depreciated over 15 years using a straight line method and half-year 
convention, the interest rate is 7%, the marginal income tax rate is 38%, and the useful life of the 
tile is 50 years. 
Using a potential yield of 200 bushels/acre and corn price of $3 .00/bushel along with the 
breakeven increase in income required, the net annual return of the drainage system can be 
computed. The potential yield increase due to subsurface drainage was computed using the 
potential yield multiplied by the difference between the relative yield at a specific spacing and the 
relative yield at a relatively undrained conditions (-325ft. drain spacing). The net annual return 
for the north central Iowa conditions is shown in Figure 4. Using the net annual return for the 
four regions and the soils in that region a range of drain spacing can be identified for maximizing 
net annual return. Again, the range was determined by identifying the spacing at the maximum 
net annual return ±10ft. From Table 2 it is evident that drain spacing to maximize net annual 
return over the 40-yr period results in a wider drain spacing than the spacing to maximize crop 
production. Since common drainage design and installation may use a spacing that maximizes 
crop production, consideration should be made for accounting for the net annual return and as a 
result a wider drain spacing might be used. Not only would this wider installation have potential 
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economic benefits but a wider spacing would be expected to have lower subsurface drainage 
volumes and subsequent nitrate loss. So, economic drainage design also has the potential to 
provide environmental benefits. 
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Figure 3. Breakeven average net farm income for drainage system as a function of drain spacing. 
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Figure 4. Net annual return for drainage system as a function of drain spacing for north central Iowa scenarios. 
246 - 2006 Integrated Crop Management Conference- Iowa State University 
Conclusions 
The use of subsurface drainage systems has crop production benefits but increases the export 
of nitrate-nitrogen which is a growing environmental concern. So, drainage system should be 
designed to minimize subsurface drainage while also maintaining production benefits . Different 
soils have differing optimum spacing for maximizing production and this should be considered 
in designing a drainage system. In addition, the economic return for the drainage system will 
vary with soil type and drain spacing. In general, the drain spacing to maximize net annual 
return is wider than the spacing to maximize crop production. This factor should be considered 
in drainage design since it may be common to put drains closer together when there may be little 
economic benefit. Designing for economic return can also have environmental benefits since in 
many cases the economic return may be maximized at a wider drain spacing and the wider drain 
spacing may reduce the volume of subsurface drainage and subsequent export of nitrate. 
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